on Arabidopsis thaliana (L.) Heynh exposed to high concentrations of boric acid (BA) using semi-quantitative RT-PCR. BA treatments led to down regulation of BOR1 and BOR3 genes in leaf and root tissues and higher concentration of EBL further decreased expression of these genes in roots. The expression of high B-induced genes was observed to be upregulated by 1 µM EBL treatment under high B stress in both tissues of the seedlings. The upregulation of BR-induced genes were clearly evident in root tissues co-treated with 1 µM EBL and BA as compared to BA alone. Higher concentration of EBL was found to be more effective in increasing expression of LTI/COR78 gene in root and LEA4-5 gene in shoot tissues. To our knowledge, this is 548 GENETIKA, Vol. 48, No2,547-563, 2016 the first report how exogenous application of EBL modulates high B stress responses at molecular level in model plant Arabidopsis thaliana.
INTRODUCTION
Boron is an essential micronutrient required by the plants (WARRINGTON, 1923) . In physiological conditions, B is mainly present in the form of BA [B(OH)3] and a small amount of borate anion [B(OH) 4 -] at the physiological pH. The plant cells uptake B mostly in the form of BA (BOLANOS et al., 2004) . The transport of BA from soil solution to root cells and xylem loading take place via three different mechanisms depending on B availability: passive transport (1), channel-mediated facilitated transport with NIP (Nodulin-like intrinsic protein) proteins (2) and active transport via B transporters (3) (HERRERA-RODRIGUEZ et al., 2010) . While B is needed in lower amounts, it can be toxic to plants above a certain threshold level (NABLE et al., 1997) . B is known to have high affinity for the biomolecules with cis-diol groups, so notably the molecules such as ATP, NADH, NADPH and RNA having ribose entities are considered to be the primary targets. Binding of B to these molecules may disrupt cellular events such as cell division and expansion. In addition, some in vitro studies revealed that B inhibits mRNA splicing, which was suggested as one of the targets of B-toxicity (STANGOULIS and REID, 2002) .
B-toxicity is a noteworthy agricultural problem around the world especially in semi-arid areas including Turkey, South Australia, Mediterranean countries, California and Chile . Similar to other ionic stress molecules, higher levels of B cause the formation of reactive oxygen species (ROS), peroxidation of lipids and proline accumulation in plant cells (CERVILLA et al., 2007) . B-toxicity symptoms include inhibition of shoot and root growth, loss of leaf area, lower leaf chlorophyll content and photosynthetic rates as well as decreased lignin and suberin content (NABLE et al., 1997) .
Brassinosteroids (BRs), regarded as the sixth class of plant hormones, are the steroids that are essential in promoting cellular expansion, proliferation, polarization of cell membrane, differentiation of tracheary elements, male fertility and control of senescence (GRUSZKA, 2013) . It was proposed that BRs can exert the physiological effects by changing the levels of some enzymes involved in differential regulation of gene expression, and affecting the membrane properties (FARIDUDDIN et al., 2014) .
In addition to their roles on plant growth and development, BRs modulate metabolic responses to gain tolerance against various environmental stresses including salinity, drought, thermotolerance and heavy metal stress (DHAUBHADEL et al., 1999; DHAUBHADEL et al., 2002; KAGALE et al., 2007; ALI et al., 2008; VRIET et al., 2012) . BRs bind to leucine-rich repeat receptor kinases (BRI1) at the cell surface to initiate signal transduction cascades that result in differential expression of numerous genes including those involved in increased adaptation to various stresses (WANG et al., 2012; BELKHADIR and JAILLAIS, 2015) .
In our previous study, ameliorating influences of BRs against the negative effects of high B was explored in A. thaliana in terms of growth parameters and antioxidant system (SURGUN et al., 2016) . Findings of the study showed that treatment of BR to the plants considerably reduced inhibitory effects of high B and in that increased biomass, pigment contents and the activities of antioxidant enzymes as well as proline content under high B conditions. The finding of this study was also supported by YUSUF et al. (2011) , who reported similar results using Vigna radiata that BRs mitigates boron toxicity. Therefore, we conclude that the phenotypic effect of BR on boron stressed plants is obvious and needs further exploration in terms of molecular mechanisms. One effective way to do is to study expression of genes that are related to BR, boron and some other stresses. Since there had been no studies in the literature that put together boron and BRs (EBL) together in terms of gene expression using semi-quantitative RT-PCR, we thought that the current study should be conducted and would likely fill the gap in the area and provide useful and new information.
MATERIALS AND METHODS

Plant material and treatments
Arabidopsis thaliana (L.) Heynh ecotype Col-0 was used in this study. Arabidopsis seedlings were grown in hydroponic culture system (SMEETS et al., 2008) , which was further modified in our laboratory. A. thaliana seedlings were grown for 4 weeks in a control medium (FUJIWARA et al., 1992) and then seedlings were transferred to the same media containing BA (0.80 and 1.60 mM) alone or supplemented with 24-epibrassinolide (EBL) (0.01 and 1 µM). Seedlings were exposed to BA and/or EBL treatments for 60 hours. A stock solution of EBL (Sigma E1641, USA) was freshly prepared according to the procedure described by ALI et al. (2008) . Control medium containing an equal ratio of ethanol that was used for the preparation of the EBL solution was used. Leaves (5 th and 6 th ) and roots of the plants were harvested, frozen in liquid nitrogen and stored at -80 °C until RNA extraction. All experiments were maintained in a growth room at 22 ± 2 ºC under fluorescent white light (100 µmol m -2 s -1 at leaf level) with a 16-h light / 8-h dark photo period.
RNA extraction
Frozen leaf and root tissues of Arabidopsis plants were ground with liquid nitrogen to a fine powder using a mortar and pestle. Total RNA was extracted using Plant RNA Mini Prep Kit (Zymo Research, USA) as described by the manufacturer. The concentration and purity of RNA were determined by measuring absorbance at 260 and 280 nm in a spectrophotometer (Optizen Pop, Korea). RNA integrity and quality was also checked by agarose gel [0.8% agarose gels in 0.5X Tris-BA-EDTA (TBE)] electrophoresis. RNA samples were treated with DNase I (Fermentas, Germany) for 30 min to remove any traces of DNA contamination.
Semi-quantitative reverse transcriptase (RT) -polymerase chain reaction (PCR)
A two-step semi-quantitative RT-PCR method was used to measure gene expression in the leaf and root tissues of A. thaliana. Oligo-(dT)18 primer was used in the first step of cDNA synthesis. Total RNA (2.4 µg) was reverse transcribed with RevertAid First Strand cDNA Synthesis Kit (Fermentas, Germany) according to the supplier's instructions. Reverse transcription was carried out in a final 20 µL reaction mixture containing 1 µL oligo-(dT)18 primer (100 µM), 4 µL 5X Reaction buffer (250 mM Tris-HCl pH 8. (KORESSAAR and REMM, 2007; UNTERGRASSER et al., 2012) . Primer sequences, expected fragment sizes and references are given in Table 1 . For PCR amplification using cDNA as template, a 50 µL reaction mixture contained 5 µL 10X Taq buffer (100 mM Tris-HCl pH 8.8, 500 mM KCl, 0.8% Nonident P40), 1 µL dNTP mix (10 mM), 3.5 µL MgCl2 (25 mM), 0.5 µL Taq DNA Polymerase (5 U µL -1 ), 1 µL of 10 pmol µL -1 of each primer and 4 µL of diluted (1/10) cDNA as a template. PCR conditions were 94 ºC for 3 min, 28 -35 cycles of 94 ºC for 30 s, 48 -52 ºC for 30 s and 72 ºC for 45 s. Each set of reactions always included negative (minus RT) and positive control. 30 µL of the PCR product for each sample was analyzed using agarose gel electrophoresis (2% agarose gels in 0.5X TBE) and stained with ethidium bromide. Gel images were digitally captured using gel documentation system (DNR MiniBis pro Bio-Imaging) and quantification of the bands was performed with the help of ImageJ version 1.48 software (National Institute of Mental Health, USA). Gene expression level of each gene was calculated by measuring band intensity of the target gene and dividing to the band intensity of Actin2 gene. Then, gene expression value of control treatment (no boron and/or EBL application) was accepted as the normalized value of "100". Fold changes were then calculated by taking the value of control treatment as reference. 
Statistical analysis
Statistical analysis of the results was performed by one-way analysis of variance (ANOVA). For multiple comparisons, Tukey HSD post hoc test was used. Data are the mean ± standard error (SE) of at least four independent replicates. P < 0.05 was considered statistically significant. The statistical analyzes were done using the package software, SPSS version 20.0 (SPSS, USA).
RESULTS
Our aim was to investigate the anti-stress effects of BRs at the molecular level by studying expression of some selected genes in response to B, EBL and a combination of B and EBL. Expression patterns of the genes were monitored by semi-quantitative RT-PCR in the leaf and root tissues of A. thaliana seedlings exposed to different concentrations of BA and/or EBL (Figure 1 and 2). Transcriptional profiling revealed that majority of the selected genes was differentially expressed in response to the treatments (Table 2 and 3) .
As a result of RT-PCR analyzes, it was seen that both in leaf and root tissues mRNA levels of BOR1 and BOR3 exhibited similar patterns. BOR1 gene expression level was significantly down-regulated in the leaves subjected to BA treatments as compared to untreated control. Upon application of 0.80 mM BA and 1 µM EBL together, transcript level of BOR1 gene in the Arabidopsis leaves were detected to be decreased comparing to 0.80 mM BA alone ( Figure  1a ). In the roots, when compared to the control, 1 µM EBL alone or in combination with 0.80 and 1.60 mM BA led to down regulation of BOR1 by 2.45, 3.50 and 7.60-fold, respectively ( Figure  2a ). Table 2 . Fold changes of mRNA levels in the leaves subjected to BA and/or EBL treatments with respect to control (EBL 1: 0.01 µM EBL, EBL 2: 1 µM EBL, BA 1: 0.80 mM BA, BA 2: 1.60 mM BA).
* : The ratios in fold changes were calculated with respect to control (no treatment). Each value represents mean ± SE (n =4-5). Hsp70-4 1.00 ± 0.00 1.00 ± 0.02 1.10 ± 0.03 1.05 ± 0.04 1.10 ± 0.03 1.00 ± 0.01 1.00 ± 0.02 1.00 ± 0.02 1.10 ± 0.02 Expression of BOR2 gene was up-regulated in the leaves by 1.35 and 1.80-fold under the 0.80 and 1.60 mM BA treatments. However, EBL in combination with BA further increased the mRNA levels of BOR2 ( Figure 1b , Table 2 ). On the other hand, in the root tissues, 0.01 and 1 µM EBL treatments elevated the transcript levels of BOR2 by 2.10 and 2.25-fold, respectively. Similar pattern of increase was also apparent in the root tissues; mRNA level of BOR2 was up-regulated in BA-treated plants compared to the control. Also, the plants treated with 1.60 mM BA and 1 µM EBL possessed relatively higher levels of BOR2 transcripts ( Figure 2b , Table 3 ). The treatment with BA significantly decreased the expression level of BOR3 gene in the leaves as compared to control ( Figure 1c ). Similarly, the transcript level of BOR3 gene was down-regulated by BA treatments in the root tissues. However, 1 µM EBL alone or in combination with 0.80 and 1.60 mM BA decreased the expression levels of BOR3 by 1.70, 2.75 and 5-fold, respectively ( Figure  2c , Table 3 ). The results showed that BOR4 gene expression was induced by BA treatments (0.80 and 1.60 mM) both in leaf (1.75-fold) and root tissues (1.15 and 1.35-fold). Furthermore, EBL treatments alone or in combination with BA led to upregulation of this gene (BOR4) in a statistically significant manner in leaf tissues by approximately 2-fold compared to the control ( Figure 1d , Table 2 ). In addition, levels of BOR4 transcript were shown to be lower in the root tissues by 5.60 and 5.30-fold upon treatment with 1 µM EBL alone or in combination with 0.80 mM BA, respectively. However, no expression was detected in the root tissues treated with 1.60 mM BA and 1 µM EBL together (Figure 2d , Table 3 ). 
(At5g52310) and (j) LEA4-5 (At5g06760). Images are the representative results from at least four biological repeats. mRNA levels were normalized to Actin2 gene. Relative transcription levels were calculated with reference to controls (taken as 100%). Each value in the graph shows the mean with the standard error (SE). The means denoted by the letters on the bars represent significance differences at P < 0.05 according to Tukey HSD test. 
(At5g52310) and (j) LEA4-5 (At5g06760). Images are the representative results from at least four biological repeats. mRNA levels were normalized to Actin2 gene. Relative transcription levels were calculated with reference to controls (taken as 100%). Each value in the graph shows the mean with the standard error (SE). The means denoted by the letters on the bars represent significance differences at P < 0.05 according to Tukey HSD test.
Transcript levels of MATE transporter gene revealed that expression of this gene was strongly up-regulated in the leaf tissues upon treatment with 0.80 and 1.60 mM BA by 3.00 and 4.80-fold, respectively, as compared to control. Application of 1 µM EBL to the plants resulted in significant increase of mRNA levels of this gene (2-fold) in control conditions. 0.01 and 1 µM EBL combined with 0.80 mM BA elevated the transcript levels by 3.35 and 3.55-fold, respectively, compared with control. EBL treatments with 1.60 mM BA further increased the expression of MATE transporter gene compared with control and 1.60 mM BA-alone treatment in leaf tissues (Figure 1e, Table 2 ). In the root tissues, MATE transporter gene expression was downregulated by 2.10 and 2.45-fold as a response to 0.80 and 1.60 mM BA treatments, respectively, in a statistically significant manner. EBL (1 µM) alone or co-treated with BA elevated transcript levels by approximately 1.80-2.55-fold (Figure 2e , Table 3 ).
Expression of Hsp-like gene was found to be increased markedly in the leaf tissues following the exposure to BA treatments. Co-treatments of BA and EBL further induced Hsp-like gene expression (Figure 1f ). In the root tissues treated with different concentrations of BA, a significant rise in Hsp-like gene expression was also noticed. 0.01 and 1 µM EBL treatments alone, compared to the control, elevated the transcript levels of 1.75 and 2.70-fold, respectively. Co-treatment of 1 µM EBL with 0.80 or 1.60 mM BA up-regulated mRNA levels of Hsp-like by aproximately 2.50-2.85-fold as compared to control (Figure 2f , Table 3 ).
RT-PCR results of Hsp70-4 gene indicated that any significant differences in the transcript levels were detected in the leaf tissues as a result of all treatments (Figure 1g ). However, in Arabidopsis roots, expression of this gene was elevated around 2 fold as a result of BA treatments. Application of 1 µM EBL alone and in combination with both concentrations of BA showed induction of Hsp70-4 gene expression by around 3-fold ( Figure 2g , Table 3 ). For Hsp90-1 gene, no difference or slight increase in the transcript levels in the leaf tissues was detected in all of the conditions tested in this study (Figure 1h) . The experiments conducted with the root tissues showed that 1 µM EBL treatment alone or in combination with BA treatments induced the expression of Hsp90-1 gene by 3.20 and approximately 4-fold, respectively, compared with control ( Figure 2h , Table 3 ).
LTI/COR78 gene expression was seen to be slightly higher in the leaf tissues upon all treatments albeit at varying ratios. A relatively highest increase in the transcript levels of this gene was detected in the leaf tissues treated with 1 µM EBL and 1.60 mM BA together ( Figure 1i , Table  2 ). For the root tissues, application of different concentrations of BA led to a slight induction in LTI/COR78 gene expresssion but this increase was not found significant. 1 µM EBL alone or in combination with both BA concentrations caused upregulation of this gene around 1.45-fold ( Figure 2i , Table 3 ).
BA exposure resulted in an increase of the transcript levels of LEA4-5 gene in a statistically significant manner in the leaf tissues when compared to the control. While the concentration of 0.01 µM EBL slightly affected the expression, 1 µM EBL has a more profound influence alone or in combination with BA treatments (Figure 1j , Table 2 ). On the other hand, in the root tissues, 1.60 mM BA treatment increased the expression of LEA4-5 gene, whereas 0.80 mM BA alone did not have any significant effect. 1 µM EBL alone or in combination with 1.60 mM. BA resulted in an increase around 1.50-fold as compared to the control (Figure 2j , Table 3 ).
DISCUSSION
Plants have evolved various mechanisms to cope with environmental stresses. Many of these mechanisms require transcriptional activation of specific genes that are generally known as defense-related genes (LI and YI, 2012) . Although the effects of BRs on stress tolerance are relatively well documented, detailed molecular mechanisms are yet to be elucidated. One of the ways to elucidate the mechanism of stress tolerance is the determination and evaluation of stressinduced changes in gene expression (KREPS et al., 2002) . Our approach was to investigate expression of B, EBL and stress related genes at the transcription level in leaf and root tissues of A. thaliana subjected to BA and EBL treatment alone or in combination.
BRs are shown to negate the detrimental effects of boron toxicity (YUSUF et al., 2011) . Uptake and efflux transporters are employed in plant cells to regulate B homeostasis (TAKANO et al., 2008) . We asked if the effect is through modulating the expression of boron transporters. Therefore, expression levels of BOR1, BOR2, BOR3 and BOR4 were investigated in the study. BOR1 is the first B transporter identified in A. thaliana (TAKANO et al., 2002) . BOR1 is required under B-deficient conditions to efficiently load xylem with B and translocate this element to upper part of the plant especially to young portions (NOGUCHI et al., 1997; TAKANO et al., 2001) . It is reported in the literature that BOR1 is expressed in shoots as well, but its role is not clear in regulating B distribution among the leaves. It is suggested that BOR1 may help direct B from the xylem to phloem for the delivery to young leaves . In the present study, it was seen that BOR1 mRNA levels were decreased in root and leaf tissues in response to increasing B concentration. Previous studies reported that in the presence of high B, BOR1 is rapidly degraded in the vacuoles following endocytosis (TAKANO et al., 2005) . This regulation prevents B accumulation in the shoots to maintain homeostasis (KASAI et al., 2010) . Consequently, decrease in BOR1 gene expression is likely to be a part of this overall mechanism and the results of this study present supporting evidence. Another study revealed that application of high levels of BA represses the expression of aquaporins and nutrient transport genes in the Arabidopsis roots. One of the repressed genes was found to be BOR1 (AQUEA et al., 2012) . EBL application further decreased the levels of BOR1 mRNA in root tissues as shown by the results of this study. It is possible that EBL might provide stress tolerance against B, which might affect BOR1 expression indirectly. Previous studies showed that BOR3 is expressed in shoot guard cells, trichomes, root cortex as well as stigma and ovaries (PARKER and BORON, 2013) . In this study, BOR3 exhibits the same pattern of expression as BOR1 both in leaf and root tissues in response to BA treatments. This is supported by the results obtained by MIWA et al. (2006) , where the authors found that triple (bor1/bor2/bor3) and double mutants (bor1/bor2) have given rise to the conclusion that BOR3 may play a supporting role to BOR1 in roots. Moreover, the present study revealed that higher concentration of EBL treatment alone or together with BA resulted in further down regulation of BOR3 expression suggesting similar involvement of BOR3 in stress tolerance. However, further investigations are needed on BOR3 transporter to explore the findings related to EBL and high B conditions.
In 2007, BOR4, a B transporter employed to provide tolerance against higher levels of B was identified (MIWA et al., 2007) . BOR4 enables the plant to directly efflux B from roots and hence prevents the accumulation of B in xylem and growing cells. As opposed to BOR1, BOR4 is not degraded under high B concentrations and accumulated stably in the plasma membrane (MIWA et al., 2007) . BOR4 expression was shown to be up-regulated in both leaf and root tissues as a response to increasing levels of B, as shown by the present study. MIWA et al. (2014) proposed that endogenous BOR4 is a high B inducible gene that functions in high B tolerance. In this case, increased expression of BOR4 may be regarded as a part of a mechanism to remove excess B from the roots. On the other hand, in the leaves, treatment with EBL alone or combination with BA resulted in higher levels of BOR4 mRNA. MIWA and FUJIWARA (2011) reported that overexpressed BOR4 export B from the cytoplasm to the apoplast in the leaves. Higher expression of BOR4 in the leaves can enhance high B tolerance so that EBL can contribute to stress tolerance by affecting BOR4 levels as well in the leaves. However, co-application of BA with 1 µM EBL resulted in markedly decreased levels of BOR4 mRNAs in the root tissues. We interpret from the data that EBL treatment masked the up-regulating effect of BA on BOR4 mRNA levels in roots. However it is unknown how BRs modulate the expression level of BOR4 and this needs further exploration, where appropriate mutants, various sampling times and EBL concentrations as well as new approaches such as proteomics should be integrated into the efforts. Another BOR1 paralog, BOR2, encodes an efflux B transporter localized in plasma membrane and is strongly expressed in roots. It was proposed that the function of BOR2 is to transport BA from symplast to apoplast for cross-linking of B to Rhamnogalacturonan II (RG II) in cell wall (MIWA et al., 2013) . In this study, it was shown that BOR2 transcript levels were increased both in leaf and root tissues in consequence of BA applications. As a result of EBL treatments, mRNA levels of BOR2 further increased in the investigated tissues. BOR2 and BOR4 expression patterns were similar in the leaf tissues. It is possible that in addition to its role in RG II biosynthesis, BOR2 as well is likely to be implicated in B tolerance.
MATE and Hsp-like genes were selected based on their high level expression under high boron conditions as shown by microarray analysis (KASAJIMA and FUJIWARA, 2007) . The objective in selecting these genes was: (1) to provide as a control in our study whether BA treatment would increase the expression of these genes in the experimental system we used and (2) to see whether EBL treatment affects further the expression of these genes as additive or antagonistic. The studies using plants and some fungi have revealed that accumulation of numerous harmful and toxic substances in the vacuoles is carried out by secondary transport systems, which belong to multidrug and toxic compound extrusion (MATE) transporter family (DIENER et al., 2001; OMOTE et al., 2006) . ROGERS and GUERINOT (2002) showed that mutation in one of the alleles of FRD3 gene (named frd3-3), a member of MATE family, led to accumulation of two fold excess iron and zinc as well as four fold excess manganese in shoots indicating the role of the MATE protein in metal transport. Moreover, as a result of several studies, the proteins belonging to MATE family were found to be involved in transport of the metals (LIU et al., 2009) and toxins (DIENER et al., 2001) for detoxification. In the present study, transcripts of MATE transporter gene were found at higher levels in BA-treated leaf tissues when compared to untreated ones. Also, it was observed that B treatment of the plants caused decreased levels of mRNA of MATE transporter gene in roots. Investigation of expression of more genes belonging to MATE family following the exposure to BA may reveal a possible relationship between MATE transporters and B. Expression of the MATE transporter gene, which is implicated in internal transport and detoxification, was found to be significantly up-regulated both in leaf and tissues as a result of EBL treatment. It may be possible that exogenous EBL treatment helps plant survive stress condition via elevating expression of stress related genes such as MATE.
Under almost all stress conditions, it is reported that expressions of heat-shock proteins (Hsps) are expected to be up-regulated (TOMBULOGLU et al., 2012) . The function of the heat shock proteins known as stress proteins is to prevent the separation of oligomeric complexes, denaturation of the polypeptides or refolding of the denatured proteins under various environmental stresses. The presence of denatured proteins in the cell induces the synthesis of Hsp proteins (AL-WHAIBI, 2011) . In this study, we showed that mRNA levels of Hsp-like gene encoding a heat shock protein (Hsp23.5), localized in mitochondria were up-regulated in response to BA treatment both in leaf and root tissues. PARK et al. (2013) conducted a study using two types of cabbage plants that are sensitive or tolerant to heat and reported that this gene is among the upregulated genes under heat stress. Furthermore, LI and YI (2012) reported that expression of this gene was also up-regulated in A. thaliana under sulphur dioxide stress. We showed in this study that EBL treatment of the high concentration (1 µM) markedly increased the transcript levels of Hsp-like compared to the control. All taken together, these results provide detailed information regarding the possible role of EBL in stress amelioration. It is, therefore, likely that Hsp-like gene may be one of the candidates involved in stress response and tolerance provided indirectly by BR under high B stress.
Differentially expressed genes regulated by BRs were determined in several microarray studies (GODA et al., 2002) . Among stress-related genes induced by BRs, Hsp70-4 and Hsp90-1 genes were repeatedly shown to be up-regulated in the studies (YUXIN et al., 2001; MUSSIG et al., 2002; MUSSIG and ALTMANN, 2003) ; therefore these genes were selected in the current study. Other researchers investigated the expression of these genes using northern and RT-PCR analyzes under various stress conditions such as heat, cold, drought and salinity (DHAUBHADEL et al., 1999; DHAUBHADEL et al., 2002; KAGALE et al., 2007; DIVI and KRISHNA 2010) . No study was present until this one that investigated the expression of these genes under boron stress. Hsp70s proteins have a general role as chaperons and are implicated in regulation of expression of stress-related genes. Hsp90s play significant roles in signal transduction pathways regulated by steroid hormones, regulation of cell cycle and protein localization (PARK et al., 2013) . It was shown by SHIGETA et al. (2015) reported that Hsp90s is involved in BR signaling, where two transcription factors (BES1 and BZR1) function to control a number of BR responsive genes. In the present study, BA treatments caused up-regulation of expression of both genes in roots with respect to the control plants. It was evident that higher concentration of EBL induced significantly mRNA levels of Hsp70-4 and Hsp90-1 genes. Similar results were obtained from different studies as well. YUXIN et al. (2001) identified four genes which are regulated by BRs and involved in stress response. Two of the genes were found to be Hsp81 and Hsp82 belonging to Hsp90 family. Some other results by DHAUBHADEL et al. (1999) , where the accumulation of four classes of Hsp (Hsp100s, Hsp90s, Hsp70s and sHsps) was increased dramatically in Brassica napus and tomato, supported the notion that BRs play effective roles in increasing the tolerance of the plants against heat stress. Same researchers investigated in a different study the synthesis of Hsp proteins in vivo and in vitro in Brassica napus treated with EBL. It was pointed out that EBL affects the translational mechanism, because the levels of initiation factors (elFs) and elongation factors (eEFs) differed dramatically among the plants treated with or without EBL (DHAUBHADEL et al., 2002) . KAGALE et al. (2007) showed that EBL treatments boosted the tolerance of A. thaliana and B. napus plants against drought, cold and high salt stress. Hsp90 was one of the genes with higher level of upregulation under BR treatment. All these evidence and our results demonstrate that BRs are important in enhancing stress tolerance of the plants. A slight difference in the transcript size of the Hsp70-4 and Hsp90-1 between treated and untreated leaf tissues was also noted in replicate experiments. SINGLA et al. (1997) stated that Hsp synthesis is dependent upon cell/tissue type and development/differentiation stage in terms of quantity and quality. KREPS et al. (2002) carried out global gene expression studies, where the effect of salt, cold and osmotic stress was investigated in A. thaliana. LTI/COR78 and LEA4-5 genes were two of the genes that were highly expressed in response to all three stress types. However, these genes are also regulated by abscisic acid (ABA) and it was found that exogenous ABA treatment induced the expression of these genes as shown by several studies (DALAL et al., 2009; OKAMOTO et al., 2012) . Studies have indicated that BRs and ABA can coregulate the expression of hundreds of genes which result in inter-hormonal interactions in controlling many developmental processes and mediating plant stress responses (EPHRITIKHINE et al., 1999; NEMHAUSER et al., 2006; VRIET et al., 2012) . For these reasons, in this study, we investigated the effect of BA and EBL treatments on the expression of these genes. We showed that upon BA treatment, mRNA levels of LTI/COR78 gene were up-regulated in leaf tissues in response to BA. However we did not detect significant difference in expression level of LTI/COR78 gene in roots in response. KREPS et al. (2002) showed that level of LTI/COR78 expression was higher at 3 hour after the exposure to stress in both root and leaf tissues. Later at the 27 th hour, while the transcript levels in the roots returned to the same levels with the control, expression in the leaf tissues was still kept at higher levels. In our study, the fact that the sampling was done at the 60 th hour explains the results regarding expression levels in the roots. Higher concentration EBL (1 µM) treatment elevated expression of LTI/COR78 gene in both leaf and root tissues.
As a result of genome analyzes, it was demonstrated that LEA4-5 is an important member of LEA genes. LEA proteins act like chaperons to protect the cells from unsuitable environment in freezing periods with lack of water, to prevent misfolding of secondary and tertiary structure of proteins, and to circumvent protein denaturation causing enzyme inhibition (REYES et al., 2008; BIES-ETHEVE et al., 2008) . We also showed for the first time that BA as well caused upregulation of expression of this gene in both leaf and root tissues of A. thaliana. Upon EBL application, it was observed that mRNA levels of LEA4-5 were further increased particularly in leaf tissues. The increase in the transcript levels of ABA-responsive genes (LTI/COR78 and LEA4-5) in EBLtreated tissues suggests that stress tolerance provided by BRs may occur through the interaction present in the pathways of the phytohormones such as ABA, ethylene and salicylic acid (DIVI et al., 2010) . BAJGUZ (2009) found that BRs can enhance the endogenous ABA content in Chlorella vulgaris subjected to short-term heat stress. Similarly, according to DIVI et al. (2015) , BR increases endogenous ABA levels, activating a stress response regulon to contribute the tolerance against heat in A. thaliana. All these results provide further clues toward an uncharted mechanism, where BRs and ABA are involved in a complex crosstalk, which requires further exploration.
In conclusion, detecting changes in gene expression is sometimes a good starting point to obtain clues in clarifying detailed mechanisms as well as finding gene function. Therefore, transcript profiling of subset of genes was investigated in this study to assess the effect of BR in Arabidopsis leaf and root tissues subjected to different B levels. The semi-quantitative RT-PCR results showed that EBL treatments caused differential expression of B transporter genes. Nevertheless, further investigation is needed to decipher the molecular mechanisms responsible for the effects of BRs on B transporters. Furthermore, this study showed that EBL in general positively regulated expression of stress related genes under high B stress. Higher concentration of EBL was found to be more effective and gene expression changes in roots were more pronounced. Future studies could involve the use of mutants, transgenic plants and proteomics approaches to understand the effect of BRs on stress tolerance by identifying more genes and components of pathways.
